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Source of material
Ferrocenecarboxylic acid (244 mg, 1.1 mmol) and 1-hydroxybenzotriazole (205 mg, 1.5 mmol) were dissolved in anhydrous dichlormethane (20 mL) by gentle heating in a reaction flask equipped with a stirring bar under an argon atmosphere. The solution was cooled on ice and neat 1-ethyl-3-[3-(dimethylamino)propyl]carbodiimide (0.26 mL, 1.5 mmol) was introduced, causing the partly precipitated acid to redissolve. After stirring the mixture at 0°C for 15 min, a dichloromethane solution of (1R, 2R)-1,2-diaminocyclohexane (60 mg, 0.50 mmol in 10 mL) was added and the stirring was continued at 0°C 5 min and then at room 
Experimental details
The structure was solved by Direct methods using SHELXS-97 [2] and then refined by least-squares routine based on F 2 (SHELXL-2017 [3] ). Hydrogen atoms attached to nitrogen atoms were identified on the difference electron density maps and refined as riding atoms with U iso (H) = 1.2 U eq (N) [3] . All other hydrogen atoms were included in their calculated positions with U iso (H) = 1.2 U eq (C). The structural drawing and all numerical parameters discussed below were obtained with a recent version of the PLATON program [4] . The absolute configuration determined by anomalous dispersion [7] corresponded to that declared for the starting diamine (cf. Table 1 ).
Discussion
Carboxamides obtained from chiral diamines and phosphinocarboxylic acids emerged as efficient auxiliary ligands for a range enantioselective transition-metal catalyzed reactions [8] . In the chemistry of ferrocene-based ligands, compounds of this type are represented by amides obtained from 1,2-diaminocyclohexanes and planar-chiral 2-(diphenylphosphino)ferrocene-1-carboxylic acid [8] [9] [10] . Because none of these compound appears to have been structurally characterized, we decided to synthesize and characterize an analogous compound without the phosphine substituents at the ferrocene moieties, viz. (1R, 2R)-N 1 ,N 2 -diferrocenyl-1,2-cyclohexanedicarboxamide. This compound was prepared by amidation of (1R, 2R)-diaminocyclohexane with ferrocenecarboxylic acid in the presence of peptide coupling agents [11] and was isolated as an orange solid in 76% yield by column chromatography. Chromatographic purification also afforded some [(1H-benzotriazol-1-yloxy)carbonyl]ferrocene, representing a non-consumed reaction intermediate. The compound crystallizes in the non-centrosymmetric space group P2 1 and two molecules in the unit cell. The central six-membered ring in each dinuclear title complex has a chair conformation, which is manifested by the ring puckering coordinate θ [12] The ferrocene moieties in the title compound adopt the usual geometry with the individual Fe-C distances falling into narrow ranges, 2.025(4) Å (C11) to 2.056(3) Å (C13), and 2.024(3) Å (C31) to 2.053(5) Å (C33) for the ferrocene units comprising Fe1 and Fe2, respectively. Correspondingly, the dihedral angles subtended by the least-squares planes of the cyclopentadienyl rings are only 3.2(3)°(Fe1) and 3.7(3)°(Fe2). Even so, the amide substituents are rotated only slightly from the planes of their bonding cyclopentadienyl rings. In this case, however, a smaller departure from a coplanar arrangement is observed for the ferrocene unit comprising atom Fe1 that for the other ferrocene moiety (compare the angle between the {C21, N1, O1} and C(11−15) planes of 4.2(4)°with that subteneded by the planes {C41, N2, O2} and C(31−35) of 7.6(4)°). The amide planes are oriented so that their NH groups point to the same face of the cyclohexane ring. The dihedral angle subtended by the amide planes {C21, N1, O1} and {C41, N2, O2} is 79.6(5)°.
Adjacent molecules related by the crystallographic 2 1 screw axes are interconnected via pairs of N-H· · · O hydrogen bonds into infinite columnar stacks oriented in the direction of the crystallographic b axis (see Figure) [14] . 
